Thank you and good evening. It is a real pleasure for me
to welcome you to the Illinois Mathematics and Science
Academy. I know several of you have been here before,
but it is always a treat to welcome colleagues to this
institution which I always call your Illinois Mathematics
and Science Academy. It is because of the continued
support of the Governor, the legislators, and the
business, scientific and educational communities in Illinois that the Illinois Mathematics
and Science Academy continues to be sustained and our children and our partners
continue to thrive.
At the end of my comments, which I hope will be more of a conversation than an
address, I will talk a little bit about the Illinois Mathematics and Science Academy to
bring you up-to-date with what we are doing as we move into IMSA’s Next Generation.
This is a very propitious time for your AAUW meeting. It is two days after
International Women’s Day which as you know was March 8. International Women’s
Day has been an annual event since 1914. It’s also extremely timely because our
colleague, Larry Summers, President of Harvard, set off a firestorm on January 14, 2005
when he made some remarks at the National Bureau of Economic Research Conference
about his hypotheses for why three was such a disproportionate number of women in the
highest ranks of the top-tier universities in science and engineering.
I want to touch on five areas tonight.
1. Some statistics about the achievement of girls and boys in mathematics and science
in elementary, middle, and high school. I also want to talk about statistics in college
and graduate school with respect to jobs.
2. What Larry Summers said and what he didn’t say on January 15, 2005.
3. Because so much of the interpretation of Dr. Summers’ comments focused on
“innate” abilities of males and females in mathematics, I want to talk a little bit about
what we know about brain structure and brain functioning in males and females
because we know that male and female brains are different, just like male and
female hormones are different.
4. I want to talk about what we can do to increase the number of girls in mathematics
and science and to make our elementary, middle school, and high schools more
invitational to girls in mathematics and science.
5. And then finally I’d like to talk just a little bit about IMSA and what we have learned
about this subject along the way.
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Section One:
First, let’s look at some statistics with respect to K-12 education, college,
graduate school, and jobs.
K-12 Education:
● Math scores on national tests (NEP) for fourth graders have been improving
with no statistically significant differences between boys and girls (Time
Magazine Article, Who Says a Woman can’t be Einstein? Amanda Ripley, p.
53).
●

Girls score about 7% lower on the math part of the SAT (Time Magazine
Article, Who Says a Woman can’t be Einstein? Amanda Ripley, p. 53).

●

Boys out-perform girls on Advanced Placement Exams before college.
These include biology, AB Calculus, Chemistry, Physics B, and Computer
Science (Time Magazine Article, Who Says a Woman can’t be Einstein?
Amanda Ripley, p. 53).
Almost half of high school students taking physics are girls; yet less than a
quarter of the Bachelor’s Degrees in physics go to women.

●

●

One third of high school graduates require remediation math course in
college (ACHIEVE data).

●

At the high school level, 45% of female scientists believe girls were
encouraged less than boys in science compared to 28% of the males. 39%
of female scientists believe girls were encouraged less than boys in science
and elementary school compared to 25% of the males (the Bayer Facts of
Science Education, p. 1).

●

At the high school level, 70% of female scientists believe girls participated
less than boys in science compared with 54% of the males. Just half of the
female scientists (47%) believe girls participated less than boys in elementary
school science compared to 37% of the males (the Bayer Facts of Science
Education, p. 1).

●

Nearly half of the female scientists (47%) said their parents assisted them in
a great deal or moderate amount with science homework and school science
projects compared to only 35% of the males. 46% of female scientists also
said their parents taught them a great deal or a moderate amount about
science at home compared to 33% of the males (the Bayer Facts of Science
Education, p. 1).
74% of the female scientists believe it is very important for parents to
emphasize science as an important subject to learn compared with 64% of
the males (Bayer).

●
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●

Just more than half of female scientists (51%) believe it is very important for
today’s parents to assist their children with science homework and school
science projects compared to 38% of the males.

●

61% of scientists say they first became interested in science before the age
of 11.

●

On average, scientists rated their elementary school science programs a “C”
and their elementary school science teachers “C+.” They rated their high
school programs and teachers a “B.”

●

On average, scientists give today’s elementary school science programs a Cand high schools a “C.”

●

More than half of the scientists believe there is too little emphasis placed on
science compared with other subjects in both elementary and high school.

●

74% of scientists believe we have done very poorly or fairly poorly in meeting
the goals in making America’s students first in the world in math and science
by the year 2000.
In the early elementary years girls and boys do equally well in tests and
grades in math, science, and technology.

●

●

As girls progress through school and into college and graduate school,
despite their frequently higher grades they score lower on standardized tests
than males and take fewer advanced courses.

●

High school girls today take a greater number and variety of math and
science courses; data indicate that girls consistently earn either equivalent or
higher grades than boys in all points of their academic careers.

●

Girls tend to score lower than males on the National Assessment of
Educational Progress Science Assessment at ages 9, 13, and 17. Although
the differences are small, they are statistically significant and have been
persistent since 1970. The gap is also greatest at age 17.

●

A gap in the career aspirations of boys and girls in science or engineering
exists as early as eighth grade. While high school seniors of both genders
are equally likely to look to a career in science or math, males are more likely
than females to expect a career in engineering.

●

A greater percentage of female high school graduates take science courses
today. Girls are more likely than males to take both biology and chemistry
and roughly equal proportions of girls and boys enroll in engineering and
geology. Physics, however, remains a largely male domain. While more girls
enroll today than in 1990, the gender gap is sizable.
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●

Achievement gaps between males and females have largely disappeared
especially in mathematics. In tests administered by the Program for
International Student Assessment in 2000, 15 year old male and female
students scored equally well in both math and science literacy (Science and
Engineering Indicators, 2004, Elem. and Trans-secondary Education
Highlights).

●

U. S. students are performing at or below the levels attained by students in
other countries in the developed worlds. U. S. student’s performance on the
Program for International Student Assessment (PISA) was about average
among Organization for Economic Cooperation and Development countries
(OECD). Seven countries, Australia, Canada, Finland, Japan, New Zealand,
South Korea and the UK had higher scores in math and science than we did.

●

In International comparisons, U. S. student performance becomes
increasingly weaker at higher grade levels. In the TIMMS Test, US 9 year
olds scored above the International average; 13 year olds near the average;
and 17 year olds below it. On advanced math and science assessments, US
students who had taken advanced course work in these subjects performed
poorly compared to their counterparts in other countries.
When young, boys and girls don’t differ much on math tests but that small
gap grows in adolescence.

●

●

Math scores on national tests for fourth graders have been improving with no
statistically significant differences between boys and girls.

●

There is greater male variability in math and many other disciplines. Men are
over-represented at the extremes -- more gifted students, but also more who
are learning disabled. On the math SAT, men are 30% more likely than
women to score in the 600-649 range, but they are 150% more likely to score
above 750%.

College and Graduate School:
● Engineering school faculties typically run 10-1 male (Business Week, 2/7/05).
●

47% of all science and engineering undergraduate degrees in the United
States in 2000 were female; most were in life science and chemistry
(Business Week, 2/7/05).

●

1/5th of all engineering degrees in 2000 were women.

●

More women than men get Master’s and PhD are in science.

●

Women earn a larger percent of Doctoral degrees in chemistry, but leave
academia at higher rates than men.
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●

A 2001 survey conducted by the National Science Foundation found that
there were almost 300,000 individuals with PhD’s working as mathematicians,
computer scientists, physical scientists, and engineers and only 11 ½% of
them were women.

●

In the index of a math text the names attached to mathematical discoveries
almost invariably belong to men. Since 1938, only 3 of the 335 winners in the
prestigious William Lowell Putnam Mathematical Competition have been
women.
Today, women earn 1/3rd of all science doctorates.

●
●

Women have outnumbered men in college for more than a decade and now
more are receiving Bachelor’s Degrees in science fields as well (Time
Magazine, p. 53).

●

Three decades ago women received only 1 of every 10 science and
engineering PhD’s. Today, women earn 1/3rd of all science doctorates.

Jobs:
●
●

1/8th of the physics professors at Harvard are women (New York Times, K.
Chang, Women in Physics Match Men in Science).
Men hold 90% of physics faculty positions and earn 82% of Ph.D.’s in 2003.

●

Women comprise 45% of the work force in the US and 12% of science and
technology jobs.

●

Women occupy 29% of science and engineering positions at U. S.
educational institutions, but they fill only 15% of those positions at the top 50
research institutions in these fields.

●

The percentage of women in tenured and tenured tracked positions at the top
50 US research departments are: sociology 36%; psychology 34%; political
science 24%; biology 20%; astronomy 12%; chemistry 12%; economics 12%;
computer science 11%; chemical engineering 11%; civil engineering 10%;
mathematics 8%; mechanical engineering 7%; physics 7%; electrical
engineering 7%.

●

Some 90% of female scientists and 96% of male scientists are as likely or
more likely to recommend science careers for young women than young
men.

●

Being married or having children seems to reduce women’s chances to be
employed in tenure-tracked positions relative to men who are married or who
have children (Gender Differences in the Careers of Academic Scientists and
Engineers Special Report, NSF, June, 2004, p. 3).
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●

There is evidence that female scientists and engineers are less successful
than their male counterparts in navigating the academic career path (NSF
Report, June, 2004, p. 2).

●

There is indirect evidence to suggest that women that do not have children
early in their careers increase their chances for earning tenure.

●

With respect to academic rank, women with 14 or 15 years of post-doctoral
experience who are employed full time are 8 percentage points more likely
than men to be employed in junior rank positions; women are less likely than
men to be promoted to senior ranks (NSF Report, 2004, p. 3).

Other Nation Comparisons:
● In France and Turkey, women account for more than 25% of all physics
PhD’s; in Germany and Switzerland it’s about 10%.
●

The US faces a shortage of scientists and engineers and that phenomenon
could cause a decline in already faltering American leadership in the
industrial and academic worlds of science and technology. That situation
inevitably creates a problem for corporate and academic recruiters seeking to
attract the best and brightest scientists to their organizations (A Shortage of
Scientists? Changing the Rules by Peter Gwynn, p. 1).
In the National Science Board Report, Science and Engineering Indicators,
2004, the board commented, “We have observed a troubling decline in the
number of US citizens who are training to become scientists and engineers,
whereas the number of jobs requiring science and engineering training
continues to grow…these trends threaten the economic welfare and security
of our country.” (Peter Gwynn, p. 1)
“Without action to change them, the board warned, the trends will have three
outcomes. The number of jobs that require training in science and
engineering will grow. The number of American citizens prepared to
undertake those jobs will stay level at best. And the availability of overseas
scientists and engineers will decline because of limits on their entry to the
United States imposed in response to perceived threats, to National Security,
or because of competition for other countries for top-notch scientists.”
(Gwynn, p. 1).

●

Shirley Jackson, President of Rensallear Polytec Institute, and the President
of AAAS, calls this a “quiet” crisis. “Not enough American students are taking
up science in the middle school and high school levels to guarantee a steady
stream of well-trained scientists and engineers at the post-graduate and
post-doctoral levels.” (Gwynn, p. 1).

Section Two:
Dr. Larry Summers’ remarks to the NBER on January 14, 2005
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Before I talk briefly about what Summers said at the NBER Conference, let me
share what he said in a letter to the Harvard Faculty on September 17, 2005.
“If I could turn back the clock, I would have spoken differently on matters so
complex. Though my NBER remarks were explicitly speculative and noted that I may be
‘all wrong,’ I should have left such speculation to those more expert in the relevant fields.
I especially regret the backlash directed against individuals who have taken
issue with aspects of what I have said…my January remarks substantially understated
the impact of socialization and discrimination including implicit attitudes – patterns of
thought – to which all of us are unconsciously subject.
The issue of gender differences is far more complex then comes through in my
comments, and my remarks about variability went beyond but the research has
established. These are dynamic areas of inquiry which will no doubt continue to engage
scholars in the years ahead….
It is vital that we aggressively implement policies that will encourage girls and
women to pursue science at the highest levels, that we welcome and support them in our
faculty ranks.”
Context:
Summers made it clear in his comments that he asked the conference convener
whether he wanted him to talk about Harvard’s policies toward diversity, or “whether he
wanted some questions asked and some attempts at provocation.”
● He also indicated that he was speaking “unofficially” and that he would “confine
himself to addressing one portion of the problem (diversity) or of the challenge
we’re discussing which is the issue of women’s representation in tenured
positions in science and engineering at top universities and research institutions.”
●

He also indicated that he would “offer some hypothesis” as to why we observe
what we observe.

●

Summers noted that there were very substantial disparities in the presence of
women in high-end scientific professions and he said that he had three “broad”
hypothesis about the sources of these substantial disparities:
1. What he called the high-powered job hypothesis.
2. The different availability of aptitude at the high end hypothesis.
3. Different socialization and patterns of discrimination.

●

He indicated that in his view their importance with respect to being sources of
disparity were probably ranked in the order he just described.

With respect to Hypothesis Number 1, the high-powered job hypothesis, this is
what Summers said:
●

There is great disparity between men and women in the top cohort of science
and engineering faculty in the top US institutions.
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●

The relatively few women who are in the highest ranking places are
disproportionally either unmarried or without children. He claims that this is true
in almost any high-powered profession.

●

He said that in our society people who are going to rise to leadership positions
must give near total commitments to their work; they are expected to put in a
large number of hours in the office, employers expect a flexibility of schedules to
respond to contingency, they expect a continuity of efforts through the life cycle,
and they expect that the mind is always working on the problems of the job even
when the job is not taking place.

●

In our society there is a much higher fraction of married men that have been
historically prepared to make this level of commitment than of married women.
“But it seems to me that it is very hard to look at the data and escape the
conclusion that that expectation is meeting with the choices that people make
and is contributing substantially to the outcomes that we observe.”

●

What fraction of young women in their mid-twenties make a decision that they
don’t want to have a job that they think about 80 hours a week. What fraction of
young men make a decision that they are willing to have a job that they think
about 80 hours a week and then we need to observe what the difference is.

●

Is our society right to expect that level of effort from people who hold the most
prominent jobs? Is our society right to have familial arrangements in which
women are asked to make that choice and asked more to make that choice than
men? Is our society right to ask of anybody to have a prominent job at this level
of intensity? These are all critical questions.

●

In terms of positive understanding, the first very important reality is the question,
who wants to do these high-powered, intense-work jobs?

With respect to Hypothesis Number 2 – Different availability of aptitude:
●

Here Dr. Summers asked the questions, “Why is the pattern different in science
and engineering and why is the representation even lower and more problematic
in science and engineering than it is in other fields with respect to
representation?” “It does appear that on many, many different human attributes,
height, weight, propensity for criminality, overall IQ, mathematical ability, scientific
ability, there is relatively clear evidence that whatever the difference in means -which can be debated -- there is a difference in the standard deviation and
variability of a male and female population.

●

If one is talking about physicists at a top 25 research university, one is not talking
about people who are two standard deviations above the means. We are talking
about people who are 3 ½ - 4 standard deviations above the mean and the 1 in
5,000, 1 in 10,000 class. Even small differences in the standard deviation will
translate into very large differences in the available pool substantially out.
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●

Summers said that he looked at some research on the sex ratios in the top 5% of
all 12th graders and the results according to him indicate that there is one woman
for every 2 men who are at the high-end estimate.

●

Summers concludes that there are some “systematic differences” in variability
and different populations.

●

He said there may also be elements, particularly in some attributes, that bear on
engineering and that there is reasonably strong evidence of taste differences
between boys and girls that are not easy to attribute to socialization.

●

It was this hypothesis, the possibility that innate differences might be related to
the performance and under-representation of female academics in the top- tier
schools in math and science, that caused Summers to get into the most trouble.

With respect to Hypothesis Number Three – Socialization:
●

Summers said that this in some ways was the most difficult to judge – the role of
socialization and discrimination – and raised the question to what extent is there
overt discrimination? He also raised the question of pervasive patterns of
passive discrimination and stereotyping.

●

He described the phenomena of people in universities picking people that look
like them.

So in his concluding remarks, he said the biggest hypothesis for the discrepancy in
the number of men and women in high-tenured tracked positions at the best universities
was “the general clash between people’s legitimate family desires and employees’
current desire for high-power and high-intensity, that in special cases science and
engineering bear issues of intrinsic aptitude and particularly of the variability of aptitude
between the genders, and then third, that those considerations are reinforced by lesser
factors involving socialization and discrimination.”
●

It is interesting to note that in one of the questions in Summers’ Q & A, someone
said, “What about the rest of the world, are we keeping up?” In physics in
France there are very high-powered women in science and top positions. Same
nature, same hormones, same ambitions we have to assume, different culture.

Section Three – Brain Variability in Structure and Function between Genders:
Clearly, Summers’ remarks set off a firestorm. In a fascinating article called,
Sexism at Harvard, in Forbes Magazine, by Dan Seligman, the author says, “Among
scholars not passionately committed to explanations based on sexism, one finds
three powerful and biologically-based reasons for the shortage of women in the
physical science:
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1. Males have an advantage in visuo spatial skills, which is the ability to
imagine what objects would look like when they are rotated in space.
Obviously, these are very critical for geometry and for multi-step problem
solving where it is often very useful to visualize the problem. This ability is
affected by sex hormones and hence is biologically based.
2. There is also greater male variability in intellectual skills. In math and many
other disciplines, men are over-represented at the extremes -- more gifted,
but also more learning disabled.
3. The final reason for the shortage of women in math and physical sciences is
a lack of female interests in the core content of these fields – many of which
tend to emphasize abstract and mechanical themes. In studies matching
equally gifted men and women, all of whom have the ability to make it in the
physical sciences, men are about 8 times as likely as the women to enter
these fields. Talented women repeatedly look around for something else,
preferably involving disciplines affecting human beings, like biology. A lot of
research supports the idea that the male/female difference and interest is
hormonal.
Of course, some cultural gender differences seem to have little to do with
biology, but other differences are indeed biological; this is logical because our
reproductive roles require related differences in both our bodies and our brains.
So what is the latest science on the differences between men and women’s
aptitudes? “Is it true” asks Amanda Ripley, author of Time Magazine’s, Who says
Women can’t be Einstein? in the March 7 Time Issue on the Math Myth: The Real
Truth About Women’s Brains and the Gender Gap in Science. “Even a little bit
that men are better equipped for scientific genius or is ridiculous – even
pernicious – to ask such a question in the year 2005?” (p. 52)
Because of new brain imaging technology it is clear that there are indeed
real differences between the male and the female brain. “The brain is a sex
organ” says Sandra Wittleson, a Neuroscientist, who became famous in the
1990’s for her study of Albert Einstein’s brain.
What the Time Magazine article makes clear, however, is that both structural
and functional gender differences in the brain are just the beginning of the
conversation because “It turns out that many of those differences don’t seem to
change our behavior. Others do – in ways we might not expect. Some of those
dramatic differences are not just in our brains, but also in our eyes, nose, and
ears – which feed information to our brains.” (p. 52)
As significant as this new knowledge is, it is still imperative to understand
that “almost none of those differences are static, the brain is constantly changing
in response to hormones, encouragement, practice, diet, and drugs. Brain
patterns fluctuate within the same person, in fact, depending on age and time of
day.”
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So while Summers was also right that more men than women make up the
extreme high, and low, scorers in science and math tests, it’s absurd to conclude
that the differences are primarily because of biology – or environment – the two
interact from the time of conception which only makes life more interesting.” (p.
52)
In Summers’ remarks, Yu Xie, a Sociology Professor at the University of
Michiganxle’s Research on Women in the Sciences, was cited (by Summers).
His comments are very important. “I don’t exclude biology as an explanation” he
says. “But I know biological factors would not play a role unless they interact with
social conditions.” (p. 52)
This is fundamental to understanding current research and its implications
for education, socialization, job training, and how our culture views the whole
idea of “role appropriate” professions and behavior.
The brain is a remarkably “plastic” organ. Its capacity to change its
structures by building neuronal connections is quite extraordinary. It is the
interplay between heredity and environment that enable humans to “intervene” in
the creating of learning environments and conditions that can “compensate” for
innate biological differences.
What are some of the differences that we now know are about male and
female brains?
●

Male brains are slightly larger than female brains (about 10%) but size does not
predict performance.

●

Females have a slightly larger corpus callosum (the bundle of nerves that
connects the two hemispheres of the brain but it develops at different rates in
girls and boys).
Female brains are more inter-linked than male brains.

●
●

The hypothalamic structure that seems to regulate sexual orientation is larger in
males.

●

Males have a more dominant right hemisphere; females a more dominant left
hemisphere.

●

Males have a slight edge in systematizing (understanding how objects and
systems function) and they have a slight edge on conceptual recall). Women on
the other hand have a slight edge in empathizing (inferring thoughts and
relationships) and they have a slight edge on factual recall.

●

Men seem to navigate environments more through geometric cues; women
through landmarks.
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●

The typical stress response from males is more fight and flight. There is a more
aggressive response.

●

The typical stress response from females is tend/befriend. There is a more
nurturing response.

●

Women appear to have more connections between the two brain hemispheres;
hence, in certain regions, their brain is more densely packed with neurons and
we tend to use more parts of our brain to accomplish certain tasks (that may be
an explanation for why we often recover better from a stroke since the healthy
parts of our mind can compensate for the injured reasons).
Men do their thinking in more focused regions of the brain whether they are
solving a math problem, reading a book, or feeling a wave of anger of sadness
(p. 54).

●

●

Men and women seem to handle emotions quite differently. Both sexes use the
amygdala, a part of the brain located deep, within the brain. Women seem to
have stronger connections between the amygdala and regions of the brain that
handle language and other higher level functions. Perhaps that’s why we talk
more about our emotions. Men tend to compartmentalize their worries and carry
on.

●

“Men and women have different brain architectures and we don’t know what they
mean.” (HIERS, p. 54) “By administering IQ tests to a group of college students
and then analyzing scans of their brain structures,” HIERS team recently
discovered that the parts of the brain that are related to intelligence are different
in men and women “that is in some ways a major observation because one of
the assumptions of psychology has been that all human brains pretty much work
the same way,” he said. “Now that we know they don’t, we can try to understand
why some brains react differently to say Alzheimer’s and even teaching
techniques.”
A more fundamental and perhaps interesting learning coming out of both
brain structural and functional research is not just the anatomy of the brain, but
what the Time Magazine article calls “The Journey it takes to get there.” In my
view, this has significant and profound implications for learning, schooling, and
even parenting.
The psychiatrist, J. Giedd, has been compiling one of the world’s largest
libraries on brain growth. According to Giedd, in girls, brain size peaks around 11
½, but for boys, the peak comes 3 years later.
In addition, his research shows that most of the parts of the brain mature
faster in girls. These parts include those that handle verbal fluency, handwriting,
and recognizing familiar faces.
However, the regions of the brain involve the mechanical reasoning;
visual targeting and spatial reasoning appear to mature 4-8 years earlier in boys.
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This obviously has tremendous implications for a system of schooling
that is currently “one size and one test fits all.” A critical conclusion which comes
from research among monkeys, which according to the article, are “among our
most trusted substitutes in brain research,” “certain aptitudes may not be that
different between males and females. It just depends on when you test them.”
One of the most fascinating pieces of new information explained in the
article is what is called the “segregation of the senses.” The most surprising
differences may be outside the brain. “If you have a man and woman looking at
the same landscape, they see totally different things.” According to Leonard Sax
a physician and psychologist whose book, Why Gender Matters came out last
month “women can see colors and textures that men cannot see, they hear
things men cannot hear and they smell things that men cannot smell.” (p. 55)
Since the eyes, ears, and nose are portals to the brain they directly affect brain
development from birth on.
What does all of this mean to us as women trying to advocate for our
girls, ensure opportunities exist for them in all fields of interests, and as
educators who are fundamentally interested in creating learning environments
that invite and liberate genius and potential?
I share the perspective of Sax that although there are those who argue
that sex differences are innate and should be embraced and although there are
advocates that say they are learned and should be eliminated, the research at
least at this point seems to indicate that boys and girls are innately different and
that we must, in fact, change the environment so that these differences do not
become limitations to either our girls or our boys.
Sax has now gone on record concluding that very young boys and girls
would be better off in separate classrooms altogether.
“Co-ed schools do more harm than good, he decided. When they teach
boys and girls as if their brains matured at the same time, if you ask a child to do
something not developmentally appropriate for him he will, number one – fail;
number two – he will develop an aversion to the subject. By age 12, you will
have girls who do not like science and boys who don’t like reading and they won’t
ever get back. The reason women are underrepresented in computer science
and engineering is not because they can’t do it, it’s because of the way it is
taught.” (p. 56)
So for me the danger in Larry Summers’ conversation was not his
invitation to critical inquiry, was not his offering of hypothesis which he admittedly
said he was not sure about and actually hoped the one on innate differences
would be proven wrong. The danger is that this innate difference hypothesis
moved from differences in structural and functional differences of the brain which
we know, to predictive and permanent behavioral differences in achievement,
performance, and life choices.
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I do think Summers did us a favor in plunging into the center of this
argument and clearly he has created an opportunity for the knowledge that
currently exists to be talked about and to become known.
I think this is a time of great opportunity for us to take the research and to
make some data-driven decisions with respect to how we educate both our boys
and our girls.
Section Four:
So what might we do to begin to address both the biological and the
socio-logical context that profoundly influence the learning and schooling of our
children?
I’m just going to list a few and then tell you a couple of stories and then
open it up for your questions, reflections, and insights. What are some things we
may do?
●

Mentoring programs for young women which enable them to connect to role
models.

●

Ensuring hiring practices and work is flexible to encourage women who also
want children and a family to stay in high levels of science and engineering.

●

Make sure science and engineering become more valued in our culture.

●

Change the context of learning and schooling so that it actively engages all
children in the doing of science and mathematics. Problem-based learning is
a powerful curriculum and pedagogy for student engagement.

●

Consider the appropriateness of same sex programs, whether they are
schools or unique programming during the day or after school.

●

Ensure professional development is focused on learning cognition and what
we currently know about how we learn.

●

Carefully examine the curriculum, ensure that it is broad, comprehensive, and
clearly enables students to engage in understanding not only the facts and
content of a discipline, but its deep conceptual organizing principles.
Make sure advanced placement and advanced study programs are available
for all kids.

●

●

Ensure the creation of mentoring and professional learning networks among
students, their peers, and other professionals.

●

Invite the corporate sector and the entrepreneurial business sector into a
partnership to expand opportunities for young women.
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Stories:
The first goes back 12 years to 1993. For the first time in the history of the
Westinghouse Talent Search a young woman had won the top prize. She was Liz Pine,
a student at the Illinois Mathematics and Science Academy. She and IMSA attracted
tremendous national attention and we were on the front page of Parade Magazine. Jane
Pauley also took a great interest because of her win.
I remember the day that she was sitting in front of the cameras and they asked
her to describe her experience in a calc based physics at the Illinois Mathematics and
Science Academy and I remember the day when I was horrified of her response. She
said, “the class was like a shark tank.”
Well, it’s not rocket science to jump to the conclusion that “shark tanks” are not
nurturing and pleasant places. Her comment caused us to reflect deeply, not about the
science that we were teaching, but the way we were inviting all students, especially
young women, into the wonder and awe of scientific inquiry.
So we decided quite literally to “break the law” and begin an experiment. We
created a calculus based physics that was all female and our most capable physics
faculty member taught the class – a man who had well over 25 years of teaching physics
at the college level and who had a Ph.D. in physics. To his credit, he admitted going into
this experiment that he held the question whether or not girls were inherently suited to
learn physics as well as boys. To make a very long and fascinating story short, the
achievement of the girls in physics went from being comparable to each other within the
class to being comparable to the girls in the co-ed class, to being comparable to the
boys in the co-ed class, and finally to exceeding boys in the co-ed class.
What did we learn from this experiment?
The following are the techniques or approaches that we have emphasized in our
Calc-based Physics course as a result of what we learning in our all female section
experiment in 1993. For the past 4 years there have been no significant differences in
the performance of males and females in the course, and female enrollment in the
course is up significantly from what it was before our experiment. We believe that thee
results are due to the changes we made in the mode of presentation used in the class,
but cannot prove that that is so.
1. Rows of chairs have been replaced with tables which seat from 3-5 students. Most
of the work within class is collaborative with work beginning with the group at a table,
but then migrating to between tables when appropriate.
2. Lecture is minimized with the usual approach being that just enough information is
given to set up a problem for the students to work on. Problems are chosen so that
a difficulty will arise which requires a new thought or idea to solve, and not just the
mimicking of a previous example. The teacher’s role is to observe the process,
clarify issues, and provide hints where necessary. Solutions are provided by either
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successful students or the teacher after the process has reached a point of
diminishing returns in use of class time.
3. Lots of experiences are provided for students to get a physical feel for the
phenomena where appropriate. This is much easier to do in the Mechanics section
than in the E & M section. In Mechanics I have the students throw tennis balls, throw
footballs, drop Styrofoam balls, shoot Nerf guns, play with battery powered toy cars,
watch tape of lumber delivery at construction sites, pull on the end of wrenches, and
we do a computerized lab rolling balls down a v-track. The emphasis is for all
students to get a physical feel for the phenomena and to develop a facility for
transitioning from real phenomena to abstract representations of it.
4. Consistent efforts are made to keep stronger students from intimidating others by
shouting out answers to questions before most have had time to think. I will usually
say: I want to think about this question in your head first, after you have an idea,
share it with your neighbor, and if you disagree, try to find out why.

5. Most sections are introduced with a set of initial questions that contain at least one
that almost all students get wrong on the first try. This shows that all members of the
class have something to learn. It usually also reveals a misconception shared by
many students that we expect to clear up as we go along.
6. Course performance is evaluated using multiple means including: in-class quizzes
and exams, take-home exams, labs, homework, special challenge problems, library
research projects.
7. Finally, you make it very clear through all your actions that you expect all your
students to perform at a very high level and that all are capable of doing so. All your
efforts are directed toward finding ways for each student to succeed, since only such
success will allow the development of the confidence necessary for them to believe
that they can learn this stuff. Unless they really believe that, they won’t be able to do
it.
Story #2:
Tell the story of District 204, Naperville and my invitation to speak at Technology
Week.
●

Decided to re-familiarize myself with this age group and bought teenage magazines.

●

Horrified at their content. Less than 1% of the pages had anything to do with
academic or intellectual development.

●

Abandoned my talk and talked about the brain. Showed pictures of the magazine
and asked the girls and their mothers not to sell themselves short and to be very
mindful of the competitive, cultural stories put there that ignore, marginalize, or
denigrate their minds.
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Third Story:
The Illinois Mathematics and Science Academy as you know was created in
1986. Those early years we put in very, very, very long hours. I remember one evening
in the beginning of the first semester that a “delegation” of young women came to my
office – it was around 10 pm – and they came to thank me and say, “Dr. Marshall, do you
have any idea what it feels like to be able to get an “A” in Physics and still be asked to
the dance?”
Well, let me stop here. I want to thank you for the opportunity to share some of
these thoughts which are clearly not mine. I have done a lot of research and used very
current data to tell this collective cultural story. Although I am unabashedly non-objective
about the Illinois Mathematics and Science Academy, indeed, it is one kind of response
to our need to ensure that conditions are created to invite young women into the world of
science, mathematics, and technology. By design 50% of our students are girls and we
encourage them, along with all of our students to explore and to hold onto their dreams
regardless of where they will lead them.
Thank you.
Copyright ©2005 by Stephanie Pace Marshall, Ph.D. All rights reserved. This speech,
or any parts of it, may not be reproduced without the expressed written permission of the
author
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